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PROCESS FOR PREPARING 3-IS0CHR0MAN0NE 



to 



15 



20 



25 



This invention relates to a chemical process and more particularly to a process for 
preparing 3 -isochromanone which is useful in the manufacture of certain agricultural 
products. 

3-Isochromanone is a well known compound and a number of methods for its 
preparation are described in the chemical literature. In particular, a process is described in 
WO97/00850 which comprises reacting an o-xylene-a,a f -dihaIide derivative with carbon 
monoxide and water in an organic solvent in the presence of a catalyst and a hydrogen halide 
capturing agent followed by treatment with an acid. In this process the hydrogen halide 
capturing agent is preferably an inorganic base. The use of amines in palladium-catalyzed 
carbonylation reactions are discussed in*/ Org. Chem. [1993] 58, 1538-45 and in US 
4,713,484. These references relate, however, to the alkoxycarbonylation of allylphosphates 
and acetates and to the preparation of carboxylic acid salts. 

Thus, according to the present invention, there is provided an improved process for 
the preparation of 3-isochromanone which comprises contacting an o-xylene-a,a'-dihalide 
with carbon monoxide in a two-phase liquid medium, in which one phase is aqueous and the 
other phase is water-immiscible, in the presence of a catalyst and a hindered amine base. 

The o-xylene-a,<x'-dihalide starting material has the general formula: 



where X is a halogen atom such as chlorine, bromine or iodine, especially chlorine or 
bromine. o-Xylene-a^'-dichloride is a particularly convenient starting material. 

The process of the invention is carried out in a two-phase liquid medium, one phase 
comprising water and the other phase conveniently comprising a water-immiscible organic 
solvent. Any suitable water-immiscible organic solvent may be used. Examples are satura- 
ted or aromatic hydrocarbons or halogenated derivatives thereof, such as chlorinated or fluo- 
rinated derivatives, for example methylene chloride, toluene or chloro- or fluorobenzene. 
Xylene is particularly convenient from a manufacturing standpoint. Where the hindered base 
is a liquid and water-immiscible, it may itself act as the solvent without the need to employ 
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an additional solvent An example of a base which may be used in this way is JV;#-dizso- 
propylethylamine. 

It may, however, be convenient to include in the two-phase liquid medium one or 
more other water-immiscible solvents or a water miscible solvent, provided that at least two- 
5 phases are maintained, one of which is aqueous. 

Suitably the molar ratio of water water-immiscible solvent is in the range of 1:50 to 
50:1, preferably 1:1 to 10:1 and typically 1:1 to 3:1, for example about 5:2. 

There will usually be a molar excess of water used in relation to the quantity of 0- 
xyiene-a,a'-dihalide starting material. Preferably the molar ratio of water: o-xylene-ct-a'- 
10 dihalide will be in the range of 100:1 to 1:1 typically 20:1 to 5:1, for example about 10:1. 

The carbon monoxide will normally be dispersed into the two-phase medium either at 
atmospheric pressure or at pressures up to 100 atmospheres, for example at fiom 1 to 10 
atmospheres. The pressure chosen will depend on the equipment in which the reaction is 
carried out and the required reaction rates and yield. 
15 Any suitable carbonylation catalyst may be used in the process of the invention, 

particularly Group VIII (first, second and third triads) metal catalysts, for example palladium, 
cobalt or iron catalysts. Especially suitable are palladium catalysts, for example palladium 
(0) and palladium (II) catalysts, which may be water-soluble or water-insoluble, supported on 
a carrier, such as carbon, silica or calcium carbonate, a polymer or other inert solid, or 
20 unsupported. Supported catalysts have the advantage of facilitating catalyst recovery and 
recycling. Ligands such as triphenylphosphine may be used in conjunction with certain 
palladium catalysts or it may be beneficial to pre-reduce the catalyst with hydrogen, or 
another suitable reducing agent. 

Suitable water-soluble palladium catalysts in the form of phoshine complexes are 
25 described, for example, by J. Kiji et al in Chenu Lett, 957-960 (1988). Suitable water- 
insoluble palladium catalysts include 6fc(triphenylphosphine)paIladium dichloride and 
tetrakis(triphenylphosphine)palladium (0) which are described by L. Cassar et al in 1 
Organometallic Chern., 121 (1976), C55-56, in DE-A-2526046 and by X. Huang et al in 
Chem. & Ind, 3 Sep 1990, 548. Palladium (II) catalysed carbonylation reactions are also 
30 discussed by V. Grushin et al in Organometallics, 12 (5), 1890-1901 (1993). The use of a 
supported carbonylation catalyst in the form of palladium-black is described by T. Ito et al in 
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Bull. Chem. Soc. Japan, 48 (7), 2091-2094 (1975). The use of soluble triphenylphosphine 
ligands to activate palladium catalysts is described by D. Bergbreiter et al in J. Mol 
Catalysis, 74 (1992), 409-419. Typical examples of suitable catalysts are palladium 
chloride, dihydrotetrachloropalladium, tetrakis(triphenylphosphine) palladium (0), 
dichloro6/5(triphenylphosphine) palladium (II), palladium/carbon, palladium on calcium 
carbonate and palladium on Montmorillonite™. Other suitable catalysts and ligands, 
including water soluble ones, are described in WO 97/00850. The ligands may be used in 
amounts up to 1000 mole equivalents of palladium, and suitably in the range of from 1 to 
200 mole equivalents of palladium. The amount of palladium catalyst used may be in the 
range of 0.000001 to 0.5 mole equivalents of the o-xylene-a,a'-dihalide. 

The hindered amine base will usually be one which has at least two aliphatic, prefer- 
ably branched aliphatic, or cycloaliphatic groups or one in which the atom is in a cycloali- 
phatic or aromatic ring, substituted in a manner that induces steric crowding around the N 
atom. Typically it will be of low water solubility and have a pB^ of the conjugate acid of 
about 10. Thus, it may be a heteroaromatic base such as pyridine or a substituted pyridine, 
for example 2,6-dimethylpyridine. Or it may be a secondary amine, providing it is suffici- 
ently sterically hindered. An example of a suitable secondary amine is 2,2,6,6-tetramethyl- 
piperidine. Preferably, however, it is a tertiary amine of formula R'E^R'N wherein R\ R 2 and 
R 3 are independently C M0 alkyl (especially C w alkyl) cycloalkyl, aryl (especially phenyl, 
but also pyridyl) or aryl(C M )alkyl (especially benzyl), or wherein two or three of R\ R 2 and 
R 3 join together with the nitrogen atom to which they are attached to form one, two or three, 
5-, 6- or 7- raembered alicyclic rings optionally fused and optionally containing a second 
ring nitrogen atom. 

Alkyl groups are straight or branched chain and, unless stated otherwise, contain from 
1 to 10, especially from 1 to 6, particularly from 1 to 4, carbon atoms. Examples are methyl, 
ethyl, iw>-propyl, w-propyl n-butyl, ^c-butyl and ter/-butyl. Cycloalkyl groups comprise 3 to 
6 carbon atoms and are optionally substituted by C M alkyl. Examples are cyclohexyl, 2- 
methylcyclohexyl and 2-ethylcyclohexyL 

Suitable tertiary amines of formula R ! R 2 R 3 N are, for example, MW-ditopropylethyl- 
amine, W.Aklimethylaniline, triethylamine, /-butyidimethylamine, iV^-di/jopropylmethyl- 
amine, J^A^-diimpropylwobutylaniine, ^,iV-<iiwopropyl-2^thylbutylamine, tri-w-butyiamine, 
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N, A/-dicyclohexylmethylamine, W,#-dicyclohexylemylamine, 1 ,5-diazabicyclo[4.3 .0]non-5- 
ene, l,4-diazabicyclo[2.2.2]-octane or 2- or 4-dimemylaminopyridine. 

There will usually be a molar excess of hindered amine base used in relation to the 
quantity of o-xylene^x,a'-dihalide starting material. Preferably the molar ratio of amine:o- 
xylene-a-a'-dihalide will be in the range of 10:1 to 1:1, typically 5:1 to 2:1, for example 4:1 
to 2.5:1. 

As the process is carried out in a two-phase system, it may be advantageous to 
include a phase transfer catalyst. By the term "phase transfer catalyst" is meant a substance 
which, being at least partly present in or wetted by a first (usually organic) phase, promotes 
reaction between a reactant in the first phase and a reactant which it transfers to the first 
phase from a second (usually aqueous but sometimes solid) phase. After reaction, the phase 
transfer catalyst is released for transferring further reactant. Phase transfer catalysts are 
reviewed by E. V. Dehmlow in Angewante Chemie (International Edition), 13 (3), 170 
(1974). Other reviews are by Jozef Dockx in Synthesis (1973), 441-456 and by C. M. Starks 
in jaGS, (93) 1, Jan 13 1971, 195-199. 

Suitably the phase transfer catalyst is a quaternary ammonium or phosphonium salt 
preferably containing bulky organic groups, usually alkyl or aralkyl groups, to make it 
soluble in the organic phase. It is preferred that the phase catalyst is a tetraalkyl or aralkyl (eg 
benzyl) trialkyl ammonium or phosphonium salt in which the total number of carbon atoms 
attached to each nitrogen or phosphorus atom is at least 4. There is little advantage in the 
number being above 70. It is especially preferred that the number should be in the range of 
from 16 to 40. 

Examples of quaternary ammonium salts are: tetramethylammonium chloride, 
cetyltrimethylammonium bromide, dicetyldimethylammomum chloride, octyltributyl- 
ammonium bromide, trioctylmethylammonium chloride (available as Aliquat™ 336), 
benzyldimethyllaurylammonium chloride, benzyltriethylammonium chloride, dilauryl- 
dimethylammonium chloride, tetrabutylammonium bromide and dieicosyldimethyl- 
ammonium chloride. Examples of quaternary phosphonium salts are cetyltripropylphos- 
phonium bromide and triphenylethylphosphonium bromide. Other phase transfer catalysts 
which may be suitable include crown ethers and polyethylene glycol variants. If used, the 
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phase transfer catalyst may be present in an amount ranging from 0.001 to 0,5 mole 
equivalents of the 0-xylene-a,a'-dihalide. 

The process may be carried out at any suitable temperature within a range of from 
20°C to 120°C, preferably from 60°C to 100°C, typically from 70°C to 90°C, for example at 
5 about 70°C 

After reaction is complete, the reaction mixture is filtered and the aqueous and 
organic phases separated. 3-Isochromanone in the aqueous phase can be isolated by solvent 
extraction, for example using dichloromethane, and evaporation of the solvent 3-Isochroma- 
none in the organic phase can be extracted by the addition of aqueous base to form a salt of 

10 the corresponding hydroxy acid. The aqueous layer is separated and the 3-isochromanone 
regenerated by suitable pH adjustment. Where the palladium catalyst is soluble in the organic 
phase, the organic layer is retained for recycling and reuse. 

When using a palladium catalyst which is soluble in the aqueous phase, the organic 
phase is separated for isolation of the 3-isochromanone and the aqueous phase is acidified 

15 and the palladium catalyst extracted into an organic solvent. The palladium catalyst is 
recovered for recycling and reuse by extraction of the organic layer with aqueous base. A 
two-phase carbonylation process of this type using a water-soluble palladium catalyst is 
described by C Kohlpaintner in J. Mol Catalysis A: Chem. 1 16 (1997) 259-267. 

The use of a supported palladium catalyst has the advantage that it can be filtered 

20 from any reaction mixture using known technology, thereby facilitating its recycling and 
reuse* 

3-Isochromanone is useful, inter alia, as an intermediate in the manufacture of 
agricultural products, especially fungicides of the strobilurin type, for example, those 
described in EP-A-278595. 
25 The invention is illustrated by the following Examples in which : 
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g = grammes 
mmol = millimoles 



ml = millilitres 



gc = gas chromatography 
ODCX = o-xylene-a,a f -dichloride 
MR = molar ratio 



M ~ molar 



°C = degrees centigrade 
mp = melting point 
rpm = revolution per minute 
DCM = dichloromethane 



Act = actual 



[(CH 3 ) 2 CH] 2 NC 2 H 5 = KN-diisopvopyl 
ethylamine (Htinig's base) 



Wt = weight 
Str = strength 
(Ph 3 P) 2 PdCl 2 = dichloroA/s 
(triphenylphosphine) palladium (II) 



Ph 3 P = triphenylphosphine 

Pressures recorded in 'bar.g* units are gauge measurements, not absolute. Thus, for 



The following general procedure was used. 

All the listed materials were charged to a 100ml round-bottom flask and stirred at 
650rpm. A continuous stream of carbon monoxide was bubbled through the reaction 
mixture whilst heating to 70°C. The reaction mixture was maintained at this temperature 
and sampled at intervals for analysis of the levels of o-xylene-a,a'-dichloride and 3- 
isochromanone present. 

When the reaction was adjudged complete, the reaction mixture was filtered through 
a No. 3 sintered glass funnel and the residue washed with xylene (20ml) and in some cases 
water (5ml). The aqueous and organic layers of the filtrate were separated. Water (25ml) 
was added to the aqueous layer precipitating a fine white or pink solid. The product was 
extracted fiom the aqueous layer with DCM (2x25ml). Samples of the funnel residue, the 
organic and aqueous layers and the DCM extract were submitted for quantitative gc 
analysis. 



example, 4 bar.g is equivalent to 5 bar absolute. 

Examples i to 5 
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EXAMPLE 1 (1% catalyst, 2.2% Ph 3 P) 



Materials 


ActWtfe) 


Str(%) 


100% wt 


MWt 


mmol 


MR 


ODCX 


7.0 


100 


7.0 


175.06 


39.90 


1 


[(CH 3 ) 2 CH]2NC2H5 


21.88 


99 


21.66 


129.25 


167.60 


4.2 


(Ph3P)2PdCl2 


0.2888 


97 


0.2801 


701.89 


0J99 


0.01 


PI13P 


0.2326 


99 


0.2303 


262.29 


0.878 


0.022 


H 2 0 


7.182 


100 


7.182 


18 


399.0 


10 


Xylene 


17.29 


98 


16.94 


106.17 


159.6 


4 



Total chemical yield of all detected 3-isochromanone by quantitative gc analysis was 68%. 
EXAMPLE 2 (0.1% catalyst, 50% Ph3P) 



Materials 


Act 
Wt(g) 


Str(%) 


100% Wt 


MWt 


mmol 


MR 


ODCX 


7.0 


100 


7.0 


175.06 


39.90 


1 


[(CH 3 )2CH]2NC2H5 


21.88 


99 


21.66 


129.25 


167.60 


4.2 


(Ph 3 P)2PdCl2 


0.0289 


97 


0.0280 


701.89 


0.039 


0.001 


Ph 3 P 


5.29 


99 


5.237 


262.29 


20 


0.5 


H 2 0 


7.182 


100 


7.182 


18 


399.0 


10 


Xylene 


17.29 


98 


16.94 


106.17 


159.6 


4 



Total chemical yield of all detected 3-isochromanone by quantitative gc analysis was 51%. 
5 EXAMPLE 3 (0.1% catalyst, 10% Ph 3 P) 



Materials 


Act 
Wt(g) 


Str(%) 


100% Wt 


MWt 


mmol 


MR 


ODCX 


7.0 


100 


7.0 


175.06 


39.90 


1 


[(CH 3 )2CH]2NC 2 H5 


21.88 


99 


21.66 


129.25 


167.60 


4.2 


(Ph 3 P) 2 PdCl 2 


0.0289 


97 


0.0280 


701.89 


0.039 


0.00 

1 


Ph 3 P 


1.057 


99 


1.0465 


262.29 


100 


0.1 


H 2 0 


7.182 


100 


7.182 


18 


399.0 


10 


Xylene 


17.29 


98 


16.94 


106.17 


159.6 


4 



Total chemical yield of all detected 3-isochromanone by quantitative gc analysis was 37 % 
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EXAMPLE 4 (0.3% catalyst, 25% Ph 3 P) 



Materials 


Act Wt(g) 


Mr (%) 


1 ftAO/t \\7t 

lVVYo Wl 


\JI VJt 

1V1 Wl 


xniiLui 


MR 

1V1XV 


ODCX 


7.0 


100 


7.0 


175.06 


39.90 


1 


[(CH 3 ) 2 CH] 2 NC 2 H S 


21.88 


99 


21.66 


129.25 


167.60 


4.2 


(Ph 3 P)2P<lCl 2 


0.0866 


97 


0.0840 


701.89 


0.1197 


0.003 


PhjP 


2.58 


99 


2.557 


262.29 


250 


0.25 


H 2 0 


7.182 


100 


7.182 


18 


399.0 


10 


Xylene 


17.29 


98 


16.94 


106.17 


159.6 


4 



Total chemical yield of all detected 3-isochromanone by quantitative gc analysis was 67%. 
EXAMPLE 5 (Reduced base charge) 



Materials 


Act Wt(g) 


Str(%) 


100%Wt 


MWt 




MR 


ODCX 


7.0 


100 


7.0 


175.06 


39.90 


1 


[(CHj^CHLNQH, 


15.63 


99 


15.47 


129.25 


119.7 


3.0 


(Ph 3 P) 2 PdCl 2 


0.2888 


97 


0.2801 


701.89 


0.399 


0.01 


Ph 3 P 


0.2326 


99 


02303 


262.29 


0.878 


0.022 


H z O 


7.182 


100 


7.182 


18 


399.0 


10 


Xylene 


17.29 


98 


16.94 


106.17 


159.6 


4 



Total chemical yield of all detected 3-isochromanone by quantitative gc analysis was 91% 



5 EXAMPLE 6 

To a 100ml round-bottom flask were charged o-xylene-a.a'-dichloride (7.07g, 0.0404 
moles), AiiV^opropyletoylamine (21.4g, 0.164 mol), xylene (17.16g, 0.16 mol), deionised 
water (7.2g, 0.4 mol), palladium on Montmorillonite™ catalyst (0.2g, 0.04mmol approx) and 
triphenylphosphine (0.26g, 9.8 x Iff 4 mol). Carbon monoxide was bubbled through the 

10 reaction mixture via syringe needle slowly and continuously. The temperature of the 

reaction mixture was raised to 70°C and held at 70°C with vigorous agitation for 30 hours. A 
sample tested by qualitative gc analysis showed less than 1% area starting material and 
5 1 .2% area 3-isochromanone. The reaction mixture was cooled to room temperature and the 
supported palladium on Montmorillonite™ catalyst was filtered off. The filtrate layers were 

15 separated and analysis quantitative by gc analysis showed 36.8% yield 3-isochromanone in 
the organic layer and 5% yield 3-isochromanone in the aqueous layer. 
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EXAMPLE7 

o-Xylene-a,a'-dichloride (7.07g, 0.0404 mol), iV;JV-diteopropylethylamine (21.4g, 
0.164mol), palladium on Montmorrilonite™ catalyst (2.0g, 0.4mmol approx), xylene 
(I7.16g, 0.16 mol), deionised water (7.2g, 0.4 mol) and triphenylphosphine (2.6g, 9.8 x 10 J 
mol) were charged to a 100ml round bottom flask and carbon monoxide bubbled through via 
a syringe needle. The reaction mixture was heated to 70°C while bubbling carbon monoxide 
through slowly and held at 70°C for 5 hours. A sample tested by qualitative gc analysis 
showed less than 1% area starting material and 59.9% area 3-isochromanone. After 20 hours 
the reaction mixture was cooled to room temperature and the supported palladium on 
Montmorrilonite™ was filtered off. The filtrate layers were separated and analysed by 
quantitative gc analysis which showed the organic layer contained 48% yield 3- 
isochromanone and the aqueous layer contained 1 1.6% yield 3-isochromanone 

EXAMPLE 8 

To a 100ml round bottom flask were charged, o-Xylene-a,a'-dichloride (7.07g, 0.0404 mol), 
WiV-diftopropylemylainine, (21 .4g, 0.164 mol), palladium on MontmoriUonite™ catalyst 
recycled from Example 7 (2.0g, 1%) xylene (I7.16g, 0.16 moles) deionised water (7.2g, 0.4 
mol) and triphenylphosphine (2.6g, 9.8 x 10" 3 moles). Carbon monoxide was bubbled 
through the reaction mixture via a syringe needle and the mixture was heated to 70°C, with 
slow continuous carbon monoxide bubbling, and vigorous agitation for 20 hours. Qualitative 
gc analysis showed less than 1% area starting material present and 62% area isochromanone. 
The reaction mixture was cooled to room temperature and the supported palladium catalyst 
filtered off. The filtrates were separated into organic and aqueous phases, weighed and 
submitted for quantitative isochromanone strength by gc analysis. The results showed 47.7% 
yield of 3-isochromanone in the organic phase and 1 1.7% yield in the aqueous phase. 
The Palladium/Montmorrilonite™ solids filtered off were used in Example 9. 

EXAMPLE 9 

The procedure used was the same as for Example 8 but using palladium/Montmorrilonite™ 
catalyst recycled from Example 8. The qualitative gc analysis after 20 hours showed less 
than 1% area starting material and 44.1% area 3-isochromanone. The organic phase 
contained 48.6% yield 3-isochromanone and the aqueous phase contained 7.5% yield 3- 
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isochromanone by quantitative gc analysis. The palladium/Montmorillonite™ solids filtered 
off were used in Example 1 1 . 

EXAMPLE 10 

The procedure used was the same as for Example 8 but using palladium/Montmoril- 
lonite™ catalyst recycled from Example 9. The qualitative gc analysis after 20 hours showed 
less than 1% area starting material and 44.7% area 3-isochromanone. The organic phase 
contained 52.3% yield 3-isochromanone and the aqueous phase contained 9.4% yield 3- 
isochromanone by quantitative gc analysis. 

EXAMPLE 11 

o-Xylene a,a'-dichloride (7.10g, 41mmol), M^-di/wpropylethylamine (21.40g, 164mmol), 
dichloroi>is(triphenylphosphine)palladium (II) (286.3mg, 0.4mmol), water (7.2g, 400mmol), 
xylene (20ml, 160mmol) and triphenylphosphine (238.4mg, 0.9mmol) were charged to a 
100ml three-necked round bottomed flask with stirring. After degassing (x 3) under vacuum, 
a steady flow of carbon monoxide was bubbled through the reaction mixture whilst heating 
to 70°C. The reaction mixture was maintained at 70°C, with carbon monoxide bubbling 
through and vigorously stirred (650 rpm) for 24 hours, before sampling for qualitative gas 
chromatographic analysis. This showed the ratio of 3-isochromanone to starting material to 
be > 99:1 by area percent. The reaction mixture was cooled to ambient temperature, filtered 
and washed with xylene (10ml). The filtrates were separated to give an organic solution and 
an aqueous phase. The total quantitative yield of 3-isochromanone by gc analysis (organic 
and aqueous phases) was 78.8%. 

EXAMPLES 12 TO 21 
o-Xylene-a,a'-dichloride (14.0g, 0.08 mol), JV.AT-diwopropylemylainine (31.35g, 0.24 mol) 
palladium(II) chloride catalyst (0.148g, 0.8 mmol), o-xylene (34.0g, 0.32 mol), water (14.4g, 
0.8 mol) and triphenylphosphine (1 .0g, 4.0mmol) were charged to a 300ml Inconel ™ 
autoclave. The vessel was then purged with carbon monoxide gas three times (at 5 bar.g) 
before finally pressurising to approximately 4 bar.g. The contents of the reaction vessel were 
then briskly agitated (approximately 900rpm) and heated to 70°C. Once at temperature, the 
reaction mixture was stirred at 70°C for 3 to 4 hours, maintaining the pressure at 
approximately 4 bar.g, and the rate of uptake of carbon monoxide gas was noted. The 
reaction was adjudged complete approximately when no further carbon monoxide was seen 
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to be consumed. The reaction mixture was then rapidly cooled to below 40°C and sampled to 
test for the presence of starting material by gc. 

Water (33g) and sodium hydroxide (27.4g at 47% strength) were charged in one portion to 
the open autoclave, which was then sealed and purged with carbon monoxide gas three times 
(at 5 bang) before being finally pressurised to 1 bang. The reaction mixture was then stirred 
at 60°C, under approximately 1 to 2 bar.g (CO pressure) for approximately 1 hour. The 
reaction mixture was then transferred to a hot separator (in air) and the aqueous and organic 
phases separated at 60°C. The aqueous phase was drawn off for further work-up by being 
added cautiously to a stirred solution of xylene and concentrated hydrochloric acid at 60°C 
(in air). The mixture was then stirred for 1 hour at 60°C before being separated to give an a 
aqueous waste stream and a xylene solution containing the product, 3-isochromanone. The 
xylene solution was recycled by recharging direct to the reaction vessel for use in Example 
13. 

The same method was used for Examples 13 to 21 except that the ODCX, 
triphenylphosphine and water were charged to the autoclave containing the organic phase 
recycled from the previous Example. The only difference between the nine 'recycled' 
Examples was that additional MAT-di/sopropylethylamine base was added in Example 17. 
Yields of 3-isochloromanone obtained were as follows: 



Example 


Yield (%) 


12 


88.7 


13 


90.7 


14 


90.3 


15 


83.5 


16 


78.4 


17* 


71.6 


18 


76.4 


19 


672 


20 


64.0 


21 


50.8 



♦ M^-diwopropylethylamine (0.08moles) added at this cycle 

SUBSTITUTE SHEET (RULE 26) 





WO 99/10335 



PCT/GB98/02250 



-12- 



EXAMPLE 22 



10 



o-Xylene-a^a'-dichloride (14.7g, 80mmol), A^diwopropylethylamine (31.4g, 240mmol), 
liquid dihydrotetrachloropalladium (H 2 PdCl 4 ) catalyst (0.3723g, 0.8mmoi), o-xylene (34.0g, 
320 mmol), water (14.4g, 800mmol) and triphenylphosphine (0.93g, 4.0 mmol) were 
charged to a Parr autoclave. The autoclave was purged three times at 5 bar.g with carbon 
monoxide gas before being finally pressurised to 4 bar.g. The reaction mixture was heated to 
70°C and maintained at this temperature with stirring for 4'/2 hours. The pressure was 
maintained at 4 bar.g with carbon monoxide. The reaction was deemed to be complete when 
no further carbon monoxide was seen to be consumed. 

Sodium hydroxide solution (60.3g at 21 % strength) was charged to a separate jacketed 
reaction vessel which was evacuated and filled with a carbon monoxide atmosphere. Carbon 
monoxide was bubbled through the caustic solution while heating to 60°C. The Parr 
autoclave was evacuated and the solution hydroxide solution charged from the separate 
jacketed vessel by vacuum displacement The mixture was stirred for 1 hour at 60°C and 1 
bar.g pressure before separating the organic (63.76g) and aqueous layers. The aqueous layer 
was added to a stirred mixture of o-xylene (42.5g) and concentrated hydrochloric acid (20.3g 
at 36% strength). This mixture was stirred at 70°C for one hour before separating the organic 
layer (50.72g xylene solution) and aqueous layer (96.08g). Analysis of the xylene solution 
indicated a yield of 76.42% of 3-isochromanone (50.72g at 17.84g 3-isochromanone). 
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CLAIMS 

1 A process for the preparation of 3-isochromanone which comprises contacting an o- 
xylene-a.a'-dihalide with carbon monoxide in a two-phase liquid medium, in which 
5 one phase is aqueous and the other phase is water-immiscible, in the presence of a 

catalyst and a hindered amine base. 

2. A process according to claim 1 in which the o-xylene-a,a'-dihalide is o-xylene-a,a'- 
dichloride. 

10 

3. A process according to claim 1 or 2 in which in the two-phase medium, one phase 
comprises water and the other phase comprises a water-immiscible solvent. 

4. A process according to claim 3 in which the molar ratio of watenwater-immiscible 
15 solvent is in ihe range of 1 :50 to 50: 1 . 

5. A process according to claim 3 in which the molar ratio of water:o-xylene-a,a'- 
dihalide is in the range of 100: 1 to 1 : 1 . 

20 6. A process according to any one of the preceding claims in which the amine base is an 
amine of formula R'RW wherein R 1 ,R 2 and R J are independently C,. 10 alkyl, 
Cm cycloalkyl, aryl or aryl(C M )alkyl or wherein two or three of R\ R 2 and R 3 join 
together with the nitrogen atom to which they are attached to form one, two or three, 
5-, 6- or 7- membered alicyclic rings optionally fused and optionally containing a 

25 second ring nitrogen atom. 

7. A process according to any one of the preceding claims in which the molar ratio of 
amine base:o-xylene-a,a'-dihalide is in the range of 10:1 to 1:1. 

30 8. A process according to any one of the preceding claims in which the catalyst is a 
palladium catalyst. 
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9. A process according to any one of the preceding claims in which the catalyst is 
present in the amount of 0.000001 to 0.5 mole equivalents of the o-xylene-a,a f - 
dihalide. 

5 

10. A process according to any one of the preceding claims in which there is present a 
phase transfer catalyst. 

11. A process according to any one of the preceding claims which is carried out at a 
10 temperature of from 20°C to 200°C. 
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